Background Most published studies on seafarer health have focused on patterns of mortality, injury and communicable diseases. Little information is available regarding lifestyle-related cardio-metabolic disease in maritime populations.
Introduction
The United States Coast Guard (USCG) has strict physical and medical requirements for licensing merchant mariners [1] . If a mariner has an injury or medical emergency on board immediate response may be limited to the vessel's crew, and their sudden incapacitation on vessels carries public safety risks. Most published studies have focused on mortality [2] , injury [3, 4] and communicable disease [5] patterns in seafarers. Limited information on lifestyle-related cardiometabolic disease in seafarers is available, but studies show a high prevalence of lifestyle-related diseases [6] [7] [8] . Few published studies have addressed the health of US mariners, particularly that of inland waterway merchant mariners.
Methods
The study subjects were employed by a company with over 400 licensed mariners working on tug and tow vessels on US inland waterways. Data collection occurred from 2003 to 2010. Participants were 95% Caucasian, with one female whose data we excluded for privacy reasons. Applicants for a merchant marine license must pass USCG comprehensive medical and physical evaluations every 5 years. The company increased the frequency of exams to every 2.5 years to identify employees who could benefit from health promotion to improve overall health and help them pass the USCG exam. A regional medical centre (RMC) developed standardized exam protocols. Participants underwent a treadmill stress test utilizing the Standard Bruce Test Protocol [9] to determine cardiovascular fitness, and those with poor scores were enrolled in health promotion programmes.
The USG has produced standards, used in this study, to evaluate the physical and medical condition of license applicants and assist medical examiners, the maritime industry and USCG personnel in evaluating mariners' physical and medical status to meet job requirements [1] .
Biometric data were collected using standardized protocols developed by the RMC. Behavioural risk and health history data were collected using a USCG medical history and exam form. Required measures included height, weight, BMI, blood pressure, fasting plasma glucose and lipid levels. Blood pressure, cholesterol and blood glucose were analysed as continuous variables and categorically dichotomized as high versus low risk, based on standard clinical definitions of high risk. BMI was analysed as both a continuous and a categorical variable, that is normal/low risk (BMI = 18.0-24.9), overweight/ moderate risk (25.0-29.9) or obese/high risk (≥ 30.0).
Subjects' data were classified by reference to clinical practice guidelines, national norms for biometric measures based upon accepted medical standards and metabolic syndrome (MetS) diagnostic criteria. Data were stratified by age and analysed using PASW Statistics 
Results
Three hundred and eighty-eight mariners (95% of those eligible) had sufficient data for analysis. Sixty per cent of assessments (245) were undertaken by the RMC with the remainder (123) carried out elsewhere. Ages ranged from 22 to 67 with a mean of 44. Physician-diagnosed conditions in subjects included hypertension (12%), hyperlipidaemia (12%), heart disease (4%) and diabetes (6%). Table 1 describes the prevalence of conditions by age group. Older age was significantly associated with higher BMI, systolic blood pressure, total cholesterol and fasting plasma glucose. Sixty-four per cent had BMIs classified as overweight, with significant differences between age groups (P < 0.05); 12% had Stage I or Stage II systolic hypertension, and 51% had systolic prehypertension; 45% had combined cholesterol categorized as borderline high or high (≥200 mg/dL). High-risk cholesterol readings significantly increased with age (P < 0.05); 25% had high or very high triglyceride levels and an additional 17% had borderline high triglyceride levels. Fasting plasma glucose levels also varied significantly by age and showed 32% had pre-diabetes (100-125 mg/dL), and 11% had a fasting plasma glucose value of ≥126 mg/dL, indicating diabetes. Table 2 describes fitness characteristics, smoking and prevalence of MetS features by age group. Individuals' maximal oxygen uptake (VO2 max) and treadmill time decreased with age. Comparing the Bruce Protocol norms for men, subjects were classified as 'very poor' (50%), 'poor' (21%) and 'fair' (15%). Only 13% had 'good, excellent, or superior' fitness levels. There were significant age differences in fitness levels (P < 0.001) and smoking status (P < 0.01). Thirty-eight per cent of study participants were classified as having three or more features of MetS. The most prevalent features were obesity (61%), low HDL cholesterol (47%), elevated blood pressure (41%), high triglycerides (41%) and high fasting plasma glucose (22%).
Discussion
This study found a high prevalence of smoking, obesity and associated cardio-metabolic risk factors, plus fitness levels well below Bruce Protocol norms. It adds to a growing body of literature indicating that seafarers are at high risk of lifestyle-related chronic disease, specifically coronary heart disease (CHD) [6] [7] [8] . According to ATPIII guidelines, subjects in this study had borderline high (28%) or high (17%) total cholesterols and 46 (12%) had diagnosed hyperlipidaemia. Improved medical management of hypercholesterolaemia may explain why our rates were lower. Participants showed poor or very poor scores (72%) in fitness characteristics determined by the Bruce Protocol treadmill test. Cardiorespiratory fitness is associated with decreased mortality in healthy populations and in CHD patients [10] .
Merchant seafarers have a higher mortality than the general population. A study of Polish fishermen and merchant seafarers showed that 48% died during the first 24 h after myocardial infarction occurring onboard, a mortality rate higher than the general male population of Poland [6] . However, the USCG requirement for a standard physical exam every 5 years may create a healthy-worker effect, because only those who pass are actively employed. However, 5 year exam intervals may not be adequate to identify risk early and subsequently assist mariners to adopt healthier lifestyles. Studies of Danish mariners, who undergo exams every 2 years, indicate that there may be a healthy-worker effect as mortality increased after leaving active seafaring duty [3] .
Injury and accidents appear to have decreased in some maritime populations due to increased surveillance and prevention initiatives [4] . Our study shows similar actions are necessary to reduce lifestyle-related disease and associated risk factors in inland waterways captains and pilots. The high prevalence of lifestyle risk factors suggests that these mariners could benefit from health promotion efforts.
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